The objective of this case study was to describe the neuropsychological rehabilitation of a 16-year-old patient who presented a Cerebellar Cognitive Affective Syndrome (CCAS) following a bilateral cerebellar hemorrhage. The patient presented severe and diffuse cognitive deficits, massive behavioral disorders, and emotion regulation difficulties. The cognitive rehabilitation was performed in the chronic phase (one year after the onset of the hemorrhage) using a transdisciplinary neurobehavioral approach based on the patient's favorite interest (soccer). A significant behavioral and cognitive improvement was observed. The patient became progressively independent in all activities of daily living and was discharged home. The Functional Independence Measure at discharge was 124=126 (vs. 37=126 at entry). The patient was able to complete his schooling despite the mild cognitive and behavioral sequelae. This first description of the use of neurobehavioral therapy in a case of chronic CCAS suggests that (a) major clinical improvement can occur more than one year after the onset of the CCAS, showing the importance of long-term and intensive neurorehabilitation; and (b) when the cerebellum cannot properly play its regulator role in cognition, neuropsychological intervention through a behavioral and cognitive approach can be of great help by acting as an external modulator to help the patient regain control over himself.
T. Bihl
Neurorehabilitation Service, Fribourg Hospital, Fribourg, Switzerland
The objective of this case study was to describe the neuropsychological rehabilitation of a 16-year-old patient who presented a Cerebellar Cognitive Affective Syndrome (CCAS) following a bilateral cerebellar hemorrhage. The patient presented severe and diffuse cognitive deficits, massive behavioral disorders, and emotion regulation difficulties. The cognitive rehabilitation was performed in the chronic phase (one year after the onset of the hemorrhage) using a transdisciplinary neurobehavioral approach based on the patient's favorite interest (soccer). A significant behavioral and cognitive improvement was observed. The patient became progressively independent in all activities of daily living and was discharged home. The Functional Independence Measure at discharge was 124=126 (vs. 37=126 at entry). The patient was able to complete his schooling despite the mild cognitive and behavioral sequelae. This first description of the use of neurobehavioral therapy in a case of chronic CCAS suggests that (a) major clinical improvement can occur more than one year after the onset of the CCAS, showing the importance of long-term and intensive neurorehabilitation; and (b) when the cerebellum cannot properly play its regulator role in cognition, neuropsychological intervention through a behavioral and cognitive approach can be of great help by acting as an external modulator to help the patient regain control over himself.
INTRODUCTION
In the nineteenth century, according to Franz Joseph Gall, the cerebellum was the anatomical localization of love (Spurzheim, 1815) . During the first half of the twentieth century, Holmes (1939) conclusively established the involvement of the cerebellum in motor coordination. For a long period of time, the scientific community considered the cerebellum to have an exclusive motor function. It is only recently that neuroanatomical and clinical evidence suggested that the cerebellum also plays an important role in cognitive function (in particular, Botez, Gravel, Attig, & Vezina, 1985; Leiner, Leiner, & Dow, 1986; Schmahmann, 1991) . Schmahmann and Sherman (1998) further clarified the nonmotor role of the cerebellum, describing the cerebellar cognitive affective syndrome (CCAS). CCAS implies an impairment of executive functions, spatial cognition and language, emotional blunting, and personality changes. The syndrome is particularly associated with posterior and vermian cerebellar lesions. The clinical presentation of the syndrome is more severe in patients suffering from bilateral or diffuse cerebellar lesions. The authors put forward the hypothesis of ''Dysmetria of Thought'' to explain the common nature of impairment: the cerebellum modulates behavior, maintaining it around a homeostatic baseline that is appropriate to context. Moreover, they used this term in analogy with the motor system to describe impairments of higher-order behavior according to context. These deficits are related to the disruption of neural circuits linking prefrontal, temporal, posterior parietal, and limbic cortices with the cerebellum (Schmahmann, 2010) .
In the last two decades, many studies have progressively demonstrated the range of cognitive deficits associated with cerebellar dysfunction, including linguistic processing (Klein, Milner, Zatorre, Meyer, & Evans, 1995) , verbal fluency (Richter et al., 2005; Peterburs, Bellebaum, Koch, Schwarz, & Daum, 2010) , visuospatial functions (Molinari, Petrosini, Misciagna, & Leggio, 2004; Neau, Arroyo-Anllo, Bonnaud, Ingrand, & Gil, 2000) , procedural learning (Shin and Ivry, 2003) ; verbal memory (Grasby et al., 1993) , executive functions (Bellebaum and Daum, 2007; Gottwald, Wilde, Mihajlovic, & Mehdorn, 2004) , attention (Gottwald, Mihajlovic, Wilde, & Mehdorn, 2003) , working memory , sequencing Tedesco et al., 2011) , and emotion (Schmahmann & Sherman, 1998; Turner et al., 2007) . In a large group of patients with focal cerebellar damage (N ¼ 156), Tedesco et al. (2011) found that among the various cognitive domains, the ability to sequence was most severely affected.
Diverse functional neuroimaging studies have reported activations in the cerebellum during simple and complex cognitive tasks (e.g., Baillieux, De Smet, Paquier, De Deyn, & Marien, 2008; Stoodley, 2012) . Furthermore, supplementary evidence indicating a nonmotor role in the cerebellum has arisen from animal studies that have highlighted the corticopontine connections between the cerebral cortex and the cerebellum. In a series of studies conducted with rhesus monkeys, Schmahmann and Pandya (1997) showed that there are projections to pons from posterior parietal cortex, superior temporal gyrus, posterior parahippocampal areas, parastriate cortices, and prefrontal cortex. This observation suggests that the cerebellum has access to higher order information concerning social, emotional and cognitive behavior, which connect in parallel (Middleton & Strick, 1997) . These parallel routes are organized in a way that cerebellar regions receiving input from a given cortical area relay output back to the same cerebral area, thus forming parallel segregated circuits. Altogether, these studies strongly support the view that the cerebellum plays also a functional role in nonmotor cognition. Surprisingly, to our knowledge, only two cognitive rehabilitation therapies of CCAS patients have been documented. Maeshima and Osawa (2007) described the case of a 61-year-old man who presented cerebellar hemorrhage in the areas of the vermis and developed a CCAS. Cognitive rehabilitation was focused on real orientation therapy and attention process training. The authors observed a general improvement of cognitive functioning, but significant memory, attention, and executive deficits remained. Schweizer et al. (2008) assessed the efficacy of a cognitive rehabilitation technique, Goal Management Training (GMT) (Robertson, 1996) , in a 41-year-old patient with persisting executive dysfunction following a right cerebellar hemorrhage. Among other issues, the patient complained of slowed information processing and difficulties with daily planning, which resulted in an inability to return to work. After seven weekly two-hour sessions using the GMT technique, the authors observed modest but significant gains in areas specifically targeted by the rehabilitation. The benefits were maintained at the long-term follow-up and the patient could return to his demanding profession.
We report here the neuropsychological rehabilitation of a 16-year-old patient who presented a CCAS following a bilateral cerebellar hemorrhage. Murith et al. (2012) previously described the detailed physical presentation of this patient. The aim of the present case report is to show evidences on the effectiveness of articulated behavioral and cognitive training, as well as the usefulness to integrate this training in a vocational project. The rehabilitation process was divided into two distinct phases: a) a neurobehavioral approach in the sub-acute phase; and b) a therapy focused on specific cognitive deficits when the patient's clinical state improved.
CLINICAL CASE
The patient is a 16-year-old right-handed teenager who played sports and had no particular medical history or difficulties at school. In March 2011, after a soccer practice, he presented with an acute headache and progressive loss of consciousness. He was immediately brought to the emergency facility and a CT scan revealed a bilateral cerebellar hemorrhage, predominantly right (Figure 1a) , on an arteriovenous malformation of the right superior cerebellar artery. He had a bilateral occipital craniotomy for hematoma evacuation and ventricular drainage on the same day. On the fifth day he benefitted from a selective embolization of the right superior cerebellar artery, then a ventroperitoneal shunt. Following different medical complications and neurological stabilization, the patient was rapidly transferred to a pediatric rehabilitation clinic.
Clinically, he first presented with severe and diffuse cognitive deficits, massive behavioral disorders (disinhibition, verbal, and physical aggressiveness, anosognosia), and emotion regulation difficulties (emotional indifference, social avoidance, and hypomimia) associated with fluctuating consciousness, oculomotor disorders, dysarthria, mild tetraparesis, and significant ataxia of the trunk and limbs. During the nine months in the rehabilitation clinic, the patient presented several health complications (aspiration pneumonia, hydrocephalus, and ventriculitis in relation to the shunt) and no significant clinical improvement was observed.
In December 2011, the patient was transferred to our rehabilitation center, closer to his family and friends. The Functional Independence Measure at entry was 37=126. After two months in the second rehabilitation center, clinical examination showed no significant improvement, with persistence of severe motor, cognitive, emotional, and behavioral disorders. In particular, clinical examination showed multidirectional nystagmus and bilateral limb ataxia. A neuropsychological examination revealed severe deficits in attention (sustained and divided attention, processing speed) and executive functions (shifting, cognitive inhibition and sequencing), associated with mild deficits in verbal and visuospatial anterograde memory, mental arithmetic, and language (word finding, paraphasias) ( Table 1) . Control neuroimaging confirmed a bilateral global cerebellar posthemorrhagic sub-cortical atrophy, mostly subcortical, predominating right, including the posterior part of the vermis and hemispheres but also the right flocculus ( Figure 1b) . (Stroop, 1935) Reading condition (time in seconds) 61 
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NEUROBEHAVIORAL INTERVENTION
At that point his behavioral disorders were so severe that no therapy could be continued, and several psychopharmacotherapy trials were ineffective (neuroleptics, methylphenidate, benzodiazepines, and antidepressants). The rehabilitation was therefore oriented toward regulation of the conduct disorders and a rigorous transdisciplinary behavioral approach was set up in two steps. During the first phase (lasting two weeks) the medical team wrote down on a descriptive table the patient's main problematic behaviors, circumstances, consequences, and their frequency (examples reported in Table 2 ). Nine different problematic behaviors were reported by the medical team, three of which were selected to be targeted during the second stage.
In the second phase, an emulation board based on the three targeted behaviors was introduced into the patient's room. The objective of the patient was to move a pawn forward on the board in order to receive a reward he had previously chosen. The pawn could be advanced after a satisfactory action (in reference to the targeted behaviors). For example, if the patient participated in a complete therapy session, the pawn was moved one stage forward. The pawn represented his favorite soccer player, who progressed on a soccer field in order to score a goal. After a given number of pawn progressions (30), the player scored the goal leading to a reward previously chosen by the patient. The instructions were written next to the board.
The patient quickly took to the emulation board; after only a few days, he would remind the caregivers to move the pawn when he had respected the criteria and, at the end of the first week, he moved the player on the board by himself. Therapists noted the progression on a separate board, as the patient tried once to ''cheat'' in the absence of therapists. Whenever a problematic behavior was not observed for a week, it was replaced by another problematic behavior to be targeted. Six weeks after the introduction of the board, the patient had completed the course three times and had received three different rewards. After the third reward, he asked the therapists (Reitan, 1958) Time in seconds 53 ÃÃÃ 37 N TMT B (Reitan, 1958) Time in seconds 193 ÃÃÃ 111 N Behavioral Assessment of the Dysexecutive Syndrome (Norris, 2000) N Social cognition Faux-pas (=78) (Stone, Baron-Cohen, & Knight, 1998) to remove the board as he felt it was no longer necessary. By the time the patient asked for the board to be removed he was actively participating in all therapy sessions. Simultaneously, a significant reduction in the frequency of the problematic behaviors was observed. Therefore, the frequency and duration of the neuropsychological therapies were progressively increased to daily sessions of 45 minutes. The cognitive rehabilitation was then focused on five specific domains:
1. Executive functions (shifting, cognitive inhibition, planning), with verbal fluency exercises, card shifting games, visual story sequencing, research and planning exercises on the internet (for example: elaborating a plan with different costs and timelines to organize a trip to a foreign country with his family), and computer rehabilitation tasks. 2. Sustained and divided attention, processing speed: computerized tasks and paper-pencil exercises. 3. Anterograde memory: face-name learning of the therapists, summarizing of text read, paper-pencil exercises to perform in his room and to return to every day (i.e., ''homework''). 4. Mental arithmetic: computer tasks and counting exercises. 5. Speech therapy (dysarthria): increasing tongue movement speed, breathing coordination exercises, singing exercises to modify his monotonous voice, articulation tasks (reading and repetition of complex material).
Grapho-Motor improvement was carried out by the occupational therapists. In April 2012, after two months of intensive cognitive rehabilitation (44 sessions), we observed a significant improvement in executive function, attention, memory, mental processing speed, and mental arithmetic. Global intellectual functioning, assessed with the WISC-IV (Wechsler, 2005) , showed a Full Scale Intellectual Quotient in the low average (FSIQ: 83). The Processing Speed Index was notably lower (PSI: 66) than the other indexes (Verbal Comprehension Index: 99, Perceptual Reasoning Index: 82, Working Memory Index: 103). This advance was also observable in activities of daily living, as he was, for example, able to manage his daily planning and come promptly to therapy sessions.
However, mild to moderate cognitive difficulties remained in the following domains: verbal and visuospatial memory, executive functions, attention (processing speed, sustained and divided attention), visuospatial organization and hand dexterity. A nine-month period of amnesia persisted after the hemorrhage. Graphomotor speed very much improved but did not reach normal performance and discrete cerebellar dysarthria persisted. On the behavioral side, occasional nightly incontinence was still present and a slight personality change remained, with light disinhibition (for example, inadequate use of humor, giving surnames to therapists, etc.), apathy and emotional blunting. On the motor side, the patient achieved major improvements in motor coordination, an independent gait being possible (although the ataxic walk remained).
While the patient was still at hospital, a specialized teacher came twice weekly and he could then progressively go back to school. Initially, his professors reported some behavioral problems, the patient being passive and tending to disturb the class. Disturbing the class rapidly regressed, but the lack of initiative remained. The patient progressively became almost independent in all activities of daily living. Home adaptations were made with occupational therapists and the patient was discharged home in June 2012, 15 months after the CVA. The Functional Independence Measure at discharge was 124=126 (vs 37=126 at entry).
A further neuropsychological assessment was performed two years after the cerebellar hemorrhage (one year after the home discharge) (see Table 1 ). This evaluation showed an overall cognitive improvement compared to the assessment performed before discharge, but the cognitive profile remained the same. Despite the mild cognitive and behavioral sequelae, he could complete his schooling and started an apprenticeship adapted to his difficulties. 
DISCUSSION
We report the case of a 16-year-old patient who was initially presented with a severe CCAS following a bilateral cerebellar hemorrhage. The patient showed no significant clinical improvement for one year, and then rapidly made cognitive and motor progress after behavioral and environmental intervention. This case illustrates how behavioral disorders can mask great rehabilitation potential. In accordance with the dysmetria of thought hypothesis (Schmahmann & Sherman, 1998 ) the patient had major difficulties in self-regulating his thoughts and behavior. We suggest that the introduction of a rigorous transdisciplinary neurobehavioral approach helped him regain control over himself, acting in a certain manner as an ''external cerebellum.'' Following the introduction of the emulation board, a rapid behavioral improvement was observed. The use of an emulation board allowed the patient to actively participate in his rehabilitation and to see his progression concretely, as he had major difficulties internalizing the therapists' feedback. The system was a positive reinforcement only, as the pawn would never move back on the board after a negative behavior. We chose to avoid negative reinforcement because of the patient's emotional regulation difficulties, which could have led to a rejection of the board. We observed that the patient was mainly interested in the progression of the pawn, and not so much in the reward as such. The attempt of the patient to ''cheat'' was interpreted as a positive sign of his involvement in the system. The fact that he asked spontaneously to have the board withdrawn was also very interesting, as it suggested the patient felt he had regained enough self-control by that time.
Indeed, Schmahmann (2010) states ''an important feature that differentiates cerebellar cognition from disorders of cerebral cortex is that the cerebellar lesion can be compensated for, at least in part, by bringing the issue at hand to conscious awareness, focusing on the problem in order to address it'' (p. 254). We believe this is precisely what the emulation board helped the patient do. In addition, it gave the patient a motivational reference that he could use.
The inclusion of the patient in the process of developing the emulation board was essential as it allowed him to appropriate the system and probably facilitated its acceptance. The system was first explained to the patient. We then proposed using a soccer field, and he chose his favorite player to be the pawn. As behavioral disorders were still dominant he could not entirely construct the board with the occupational therapist, but he participated in painting some parts of the field. Such an approach has been used in adolescents after traumatic brain injuries (Slifer & Amari, 2009 ), but, to our knowledge, this is the first description of such a therapy following a cerebellar lesion.
We should acknowledge several caveats regarding this study. Primarily, as we describe the neuropsychological rehabilitation of an uncontrolled single case, our findings cannot be directly generalized to other similar clinical cases. This cautiousness in proposing generalization is also due to the heterogeneity of the clinical pictures in CCAS. Secondly, it cannot be stated that the introduction of the emulation system exclusively explained the rapid regression of the behavioral disorders as several other factors may have contributed. The patient had been transferred two months earlier to our rehabilitation center which is located in his native town, closer to his family and friends. This probably contributed to a global spatial and affective restoration. Additionally, spontaneous recovery cannot be evaluated, even though the patient was probably in the chronic phase of recovery at the time of the intervention as no significant clinical improvement had been observed for a year. Finally, this rehabilitation has been articulated with a ''return to school'' project, which offered a medium term goal as motivational drive. This aim has probably played a significant role in patients' adherence to therapy. From our point of view, the emulation system created a trigger effect in the rehabilitation process, which opened the way to progress in motor and cognitive functions.
As Schmahmann (2010) points out, there is no empirical evidence that pharmacological approaches to managing alterations in mood and behavior are effective in this population. Therefore, cognitive intervention in managing the behavioral deficits was critical. The pluridisciplinary approach was also essential, as all the caregivers needed to be similarly focused to allow the patient to have a steady point of reference to which to adapt his behavior. The patient's family and friends were also implicated in the rehabilitation process.
Furthermore, this clinical case shows the importance of long-term and intensive neurorehabilitation. In this CCAS case, major clinical improvement occurred over one year after the hemorrhage. Wingeier et al. (2011) studied the long-term sequelae after acquired pediatric hemorrhagic cerebellar lesions among eight children under the age of 13. The assessments were done at least 12 months post-injury. Although all patients exhibited motor problems and neuropsychological impairments in laboratory conditions, they reported having a good quality of life without any major physical restrictions. Cognitive impairments were mild, with very heterogeneous profiles; reduced reaction times and susceptibility to interference were the most frequent symptoms. According to the authors, these findings support the idea that acute symptoms can be observed in cerebellar hemorrhagic lesions, but have a promising long-term prognosis and good quality of life. Negative outcome predictors were a young age at the time of injury and bihemispheric cerebellar lesions, and CCAS syndrome was only observed among patients with vermis lesions.
Even though the clinical evolution of this case was positive in the long term, mild cognitive and behavioral deficits remained. In particular, the reduction of his information processing speed did not improve over time, contrary to the other cognitive functions. The role of the cerebellum in mental processing speed has been suggested earlier by Botez' work (Botez-Marquard, Leveille, & Botez, 1994; Botez, 1993) and further by Schmahmann (2010) , who also considers that the cerebellum is crucial in regulating the speed of cognitive processes. Besides, mild executive dysfunction also remained. This is congruent with the primary observation of Schmahmann and Sherman (1998) , who found that after cerebellar lesions initial cognitive deficits improved over time, with the exception of executive function, which remained below the mean (patients were tested one to nine months after the onset). The executive deficits probably account for the mild difficulties observed in anterograde memory, as the patient's pattern of performance on the word list indicated a reduction in the executive control of memory (many intrusions and perseverations, sensibility to interference, lack of strategy). As he was presenting with emotional bluntness, his social cognition was investigated. Two tasks were administered and showed no particular difficulty ( Stone, Jones, & Plaisted, 1999) .
As already mentioned, very few cognitive rehabilitation therapies of CCAS patients have been reported. Relevant to our clinical case, Schweizer et al. (2008) report long-term cognitive benefits using Goal Management Training (Robertson, 1996) in a 41-year-old patient with persisting executive dysfunction following a right cerebellar hemorrhage. Considering the executive deficits which persist in our patient, this rehabilitation technique might be useful, as he has just started an apprenticeship and will face learning challenges where the application of Goal Management Training might be of great help.
On the motor side, after suffering cerebellar lesions, patients usually improve their mobility in up to three to eight months after the event (Someya, Tachino, & Kagechika, 1997) . In this case, although important trunk and limbs ataxia was present, major improvement in mobility started 10 months after the hemorrhage, with an independent gait being possible about 15 months after the hemorrhage (although the ataxic walk remained). Several hypotheses may explain the spectacular motor improvement in this patient: his young age at the onset of the cerebral lesions, natural predisposition, and concomitance of rapid cognitive evolution. Cognitive and physical improvement may be influenced in both ways; according to Schmahmann (2010) , cerebellar exercises (i.e., physical maneuvers that tap cerebellar motor control) may be effective in relieving other potential manifestations of cerebellar dysfunction (i.e., cognitive functions).
In conclusion, the neuropsychological rehabilitation of this CCAS patient provides two main indications: first, major clinical improvement can occur more than one year after the onset of the CCAS, showing the importance of long-term and intensive neurorehabilitation; second, neuropsychological intervention through a behavioral and cognitive approach was one of the decisive factors. More precisely, when the cerebellum cannot properly play its regulator role in cognition, the behavioral approach can be of great help by acting as an external modulator to help the patient regain control over himself. This hypothesis remains to be confirmed by subsequent clinical cases.
